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Abstract 
In the near future, after spread of the small SAR satellites in Southeast Asian region, each countries will install 
small ground stations to receive data from satellites. If the ground stations will be equipped with S/X band 
receiving system, they may be used as Geodetic VLBI (Very Long Baseline Interferometry) station. In other 
words, it is possible to do VLBI observation with main station which has a 20 m class antenna equipped with 
broadband receiving system. And then it can be used for multiple purposes, such as resources exploration, crustal 
deformation, monitoring of natural disasters and so on. 
On the other hand, there is no geodetic VLBI observation networks in Southeast Asia, and they do not use the 
World Geodetic System (WGS), which is adopted worldwide. To use the WGS, one should determine accurately 
the reference origin for his country, and then build its local reference coordinate system. For this purpose, after 
installing the geodetic VLBI observation station, it is necessary to accurately determine the coordinates of the 
observation station. In this way we can build the new national reference coordinate systems based on the WGS. To 
perform the geodetic VLBI observation thereof, we can construct the international joint space observation network 
with small ground stations and the hub observing station with a 22m antenna of Korea. 
This paper discuss the multi-purpose space observation network installation in Southeast Asian region. 
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1. Introduction 
In 1995, Korea determined the origin point of its 
new national geodetic system which conforms to the 
world geodetic system by VLBI co-observation with 
Japan, and the baseline between two VLBI stations in 
both countries were accurately defined (Figure 1). At 
this time, the antenna diameter was 26 m (in Japan) 
and other one was 3.8 m (in Korea). Each observation 
took 24 hours, and it was repeated 4 times. Likewise, 
the origin point of the new national geodetic system 
that conforms to the world geodetic system of each 
Southeast Asian nation can be determined after 3-m 
class antenna installations and co-observations with 
Sejong VLBI center (in Korea). The 3-m class antenna 
can be operated at the ground station for data 
transmission from small SAR satellite as well. 
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Fig.1. Korea-Japan geodetic VLBI co-observation 
(1995) 
  
   
 
2. WGS and geodetic VLBI 
Earth has very complex surface which is composed 
of mountains and seas, etc. In order to map 
geographical characteristics, a spatial reference frame 
is required. The spatial reference frame must be easy 
to use and simple, and include clearly defined geodetic 
control points and reference axes for accurate 
positioning and intuitive association with the physical 
world. 
Reference frame includes definitions for positioning, 
commentary coordinates, processing method with 
necessary constants. SLR and geodetic VLBI have 
been used to determine International Terrestrial 
Reference Frames. The origin points of national 
geodetic system can be defined by geodetic VLBI in 
Southeast Asia region. 
The coordinate systems of Korea and Japan were 
combined in mm-accuracy from geodetic VLBI 
co-observation (in 1995). The Cartesian coordinates of 
the Korean geodetic origin referenced to ITRF 94 are 
shown in Table 1.  It was found that, the baseline 
between Suwon and Tsukuba has been reduced by 40 
mm per year. 
VLBI observation is performed as follows. More 
than 2 antennas simultaneously receive the radio 
waves coming from compact radio source (Quasar) in 
the several billion light-years distance. Each station 
has independent standard frequency of high stability. 
Received signals are sampled at reference signal which 
is supplied from standard frequency device. Result of 
the correlation process for the digitized signal is 
examined, and then the time difference of the same 
wavefront to reach both antenna is accurately 
calculated (time accuracy over 1 part per 10 billion). 
Main component of this differential time is the 
geometric delay 𝜏𝑔(𝜏𝑔 = 𝐷 ∙ 𝑠/𝑐) which is determined 
by the vector 𝐷 (direction to the radio source) and the 
vector 𝑠 (baseline between both antennas) (Figure 2). 
Observation for geometric delay time is repeatedly 
performed with different radio sources. After all, the 
earth direction from the radio source, the position of 
the antenna on earth surface, the position of the radio 
source on celestial sphere, all of these can be 
determined by mm-accuracy (0.1 milliarcsecond in 
angle). The origin point of new national geodetic 
system is to be determined accordingly. 
 
3. Small SAR satellite development, manufacture 
and spread 
The small satellite can be developed at low cost in a 
short period of time while the large satellite 
development will take a long period of time to research 
and need a huge amount of investment. Therefore, the 
small satellite development has an advantage in the 
development of space technology. As shown in Figure 
3, this small satellite development is included as part 
of the "Korea National Space Development Program 
Roadmap" by detailed action plan. The proven 
technology in the small satellite can be adapted to the 
large multi-purpose satellite in the future. 
The multi-purpose satellite can be made in Korea by 
the using the small satellite technologies. And Korea 
government has a plan to launch a next generation 
small satellite per 3-4 years. These technologies have 
been not studied in Korea before, micro satellite will 
be priority developed among the plan for small 
satellite of South Korea. Ajou University has made a 
MOU with Prof. Josaphat Tetuko Sri Sumantyo in 
National Chiba University, Japan who are excellent for 
development of the micro SAR satellite. The micro 
SAR satellite is most popular as the utility of the micro 
satellite. 
If the micro SAR satellite is developed by National 
Space Program, Ajou University will develop the 
standard satellite for micro satellite with corporations 
and supply it to domestic and Southeast Asian 
countries (if necessary, perform ODA). Then it will 
help to accelerate the space industry. Especially, it 
contributes to the advancement of science and 
economy of countries in Southeast Asia which have 
rich resources and many natural disasters. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Geometric delay time 𝜏𝑔 
Table 1. The origin point of Korea reference frame 
(ITRF 94 EPOCH : 1995. 827) 
X = - 3062002.5526 m 
Y =  4055436.7504 m 
Z =  3841860.8691 m 
 
   
4. Southeast Asia space network installation 
Countries in Southeast Asia have rich natural 
resources but they have many natural disasters, too. 
Thus these countries have needs of earth observations 
with observing satellite and installing the small ground 
station to gather and utilize the desired observing data 
effectively. The space observation network can be 
utilized as the remote sensing exploration or the 
observation of natural disasters. Moreover, it is the 
benefits of the small ground station that the cost of a 
installing is much cheaper than that of the large ground 
station. 
Meanwhile, in Southeast Asia, the geodetic VLBI 
observation network is not existed (Figure 4) and the 
world geodetic system is not used. However, in these 
days, most countries commonly use the world geodetic 
system as a national geodetic system. To establish the 
world geodetic system of a country, the origin point of 
national geodetic system should be determined exactly. 
For determining the origin point, the country should 
install the geodetic VLBI observatory station and then 
do the international VLBI observation. The measured 
point becomes an origin point of the national geodetic 
system, and the new coordinate system of the whole 
countries are determined based on it. Finally, the new 
national geodetic system is established based on the 
world geodetic system. 
For the geodetic VLBI observation, if the diameter 
of an antenna at one side is more than 20m, then 3m is 
acceptable as a diameter of the other side antenna. If 
the Space Geodetic Observation Center (in Sejong-si, 
Korea) which has the 22m-diameter antenna play a 
role as the central station, then the geodetic VLBI 
observation can be possible by using the small ground 
station with the 3m-diameter antenna in Southeast Asia. 
For that, only requirement is that the replacement of 
the antenna receiver for the satellite communication 
with for the geodetic VLBI receiver. 
When the geodetic VLBI observation is possible, 
each country can not only determine the origin point of 
the new national geodetic system, but also measure the 
variation of plate movements in Southeast Asia region.  
 
5. Conclusions 
According to the Korea national space program 
roadmap, Ajou University and Chiba University will 
develop micro SAR satellite. It will be manufactured 
by corporates and will be spread to Southeast Asia. 
Micro SAR satellite will explore resources and 
monitor natural disaster. It will be supported by ground 
station which is designed to allow VLBI observation 
(Figure 5). The ground station can be origin point of 
national reference frame according to WGS when 
perform VLBI observation. In that case, Korea can be 
the hub to support it, and these network will be 
multi-purpose space network. 
 
Fig.3. Korea national space program (Satellites) roadmap 
 
 
Fig.4. IVS Network Station (2013) 
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Fig.5. Southeast Asia space observation network (plan) 
